We have previously reported the use of C r(C O )6 , Mo (CO) 6 and W (C O )6 activated by compounds containing -CC13 or -CBr3 groups as initiators for the polymerization of vinyl monomers 2. In the typical C r(C O )6 -CC14 system the available evidence strongly favours a free-radical mechanism for the polymerization of methyl methacrylate 2. The present communication describes analogous obser vation on more complicated carbonyls containing cyclopentadienyl residues, and on some simple dicyclopentadienyl derivatives. In all cases definite activation by the halogen compound occurs, showing that this is a general phenomenon.
The results obtained with the part-carbonyls are shown in Table 1 , and with the pure dicyclopentadienyl derivatives in Table 2 . The polymethylmeth acrylate formed was precipitated with methanol, dis solved in chloroform, reprecipitated and weighed. The molecular weights were deduced from viscosity measurements in toluene. In a number of cases the molecular weights correspond to the values expected for free-radical polymerizations proceeding at the observed rates, while in others rather low molecular weights are obtained and are attributable to the known transfer activity of the halide. This is parti cularly noticeable with CBr4 , compare e. g. the molecular weights in Table 2 for (C5H5) 2Fe ini tiation in the presence of CC14 and CBr4 . W ith [cyclopentadienone Fe(C O )3] 2-hydroquinone and (C5H5) 2VC12 , however, it is difficult to escape the conclusion that the initiator itself, or some species derived from it, is a transfer agent or retarder. This Ser. A, in course of publication. 3 F . A. C o t t o n and G. W i l k i n s o n , Z. Naturforschg. 9 b, 417 [1954] . 4 E. O. F i s c h e r and C. P a l m , Chem. Ber. 91, 1725 [1958] .
would be expected with the hydroquinone derivative. Evidence has already been presented showing that in the C r(C O )6 -CC14 system relatively high initia tor concentrations cause retardation 1.
The complex carbonyls in Table 1 have initiating activities not very different from those of the simple carbonyls previously described 2. They are much more active initiators than the compounds in Table 2 
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[ London] 1961 London] ,2037 to assume that the carbonyl function is mainly re sponsible for initiation in these instances. We have suggested that initiation by C r(C O )6 involves for mation of an intermediate complex with the mono mer M of the type M -C r(C O )5 , followed by re action between this and the halogen derivative. Several modes of reaction have been visualised, of which the simplest is an electron transfer from the complex to the halide giving, in the case of CC14 , Cl0 + • CC13 . A similar mechanism may operate with the more complex carbonyls listed in Table 1 . It is stated in the literature that ferrocene is not an initiator of vinyl polymerization either alone, Table 2 . Initiation of polymerization of methyl methacrylate (10 ml) by cyclopentadienyl metal derivatives and organic halides. Heated for 1 hr.
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or when mixed with benzoyl peroxide, unless the latter is already a component of a redox system 9'10. The results in Table 2 confirm that ferrocene alone is ineffective under our conditions; in the pre sence of CC14 and CBr4 , however, it becomes a de finite initiator at 100 and 120 °C. The other dicyclopentadienyl derivatives in the Table behave similarly. The rate of polymerization initiated by ferrocene in the presence of the halides is rather insensitive to the concentration of ferrocene in the range stud ied. suggesting that ferrocene participates in some type of radical destruction reaction. The molecular weights of the polymers formed, however, are also nearly independent of the ferrocene contentration, even when CC14 is the halide used, and transfer is consequently not excessive. It would therefore ap pear that ferrocene can interfere with the initiation step. A type of reaction mechanism consistent with these observations is shown below. The well-known ease of oxidation of ferro cene n> 12 and the high electron-affinity of the halogen atom would favour an electron transfer process such as (la). Reaction (1 c) must be much faster than (lb) under the conditions employed to give the observed independence of the rate of initia tion on the ferrocene concentration. The rate of poly merization is proportional to the square root of the halide concentration, in agreement with the above mechanism.
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